We studied alterations in structural and mechanical properties of mesenteric arterial resistance vessels from young (6-week) and old (50-week) spontaneously hypertensive (SHR) and matched normotensive Wistar-Kyoto (WKY) rats. Emphasis was placed upon relating the active tension capabilities of these vessels to their smooth muscle cell content. Cylindrical segments, 0.7 mm long with internal diameters of 150 /un, were mounted in a myograph capable of recording circumferential vessel wall tension and dimensions. Comparisons of vessel morphology and mechanics were performed at a normalized internal circumference, Li, where active tension (ATi) is near maximum. Arterial wall and medial hypertrophy were observed in young and old SHR. Since the percent smooth muscle cells within the media for SHR was similar to that of WKY, both increased smooth muscle cell and connective tissue content account for the medial hypertrophy. These differences in SHR vessels were reflected directly in their passive and active mechanical properties. Fully relaxed vessels from SHR were less compliant, and upon activation at Li (high potassium depolarization), AT, was not different for young SHR and WKY, but values for old SHR were 35% greater (P < 0.05) than for WKY. When relating the active force generation of the vessel to the actual smooth muscle cell area, values for smooth muscle cell stress (force/area) were similar for SHR and WKY at both ages. In addition, similarities were observed for active dynamic mechanical measurements of Young's modulus and half response time. Genetic hypertension in rats therefore appears to be associated with the development of increased vessel contractility determined by a greater number of smooth muscle cells which possess contractile properties similar to those of normotensive vessels. Ore Res
AS THE RESULT of studies of the spontaneously hypertensive rat (SHR) (Okamoto and Aoki, 1963) and its normotensive Wistar-Kyoto control (WKY), it has been postulated that genetic hypertension is due to abnormalities in the central nervous system (Judy et al., 1976) , hemodynamic disturbances (Pfeffer and Frohlich, 1973; Albrecht, 1974; Tobia et al., 1974) , or alterations in renal function (Guyton et al., 1974) . In addition, evidence has been presented for changes in arterial morphology (Folkow et al., 1970; Wolinsky, 1972) . Much work has been directed at elucidating the progressive development of vascular changes in terms of vessel morphology (Ichijima, 1969) , biochemical composition (Berry and Greenwald, 1976; Fischer, 1976) , and passive mechanical properties (Berry and Greenwald, 1976) . Mulvany and Halpern (1977) compared the contractile properties of mesenteric arterial resistance vessels in 5-month-old SHR and WKY rats and demonstrated a greater contractility in the SHR vessels. More recently, Mulvany et al. (1978) investigated the morphological basis for this increased contractility and showed that the SHR vessels had a reduced lumen, a thicker media, and an increased number of smooth muscle cell layers in the media. In the present study, we investigated whether these differences also can be observed in young and old rats. The results suggest that the differences in both contractility and morphology become progressively more marked throughout the first 50 weeks of life in these animals. However, the basic contractile properties of the smooth muscle cells in the hypertensive and normotensive vessels apparently are similar.
Methods

Animals
Male and female SHR and their normotensive WKY controls were obtained from our own colony. These rats were bred from pairs supplied by the National Institutes of Health. Systolic blood pressures were monitored via the indirect tail-cuff method and heart rates simultaneously recorded. Prior to these measurements, rats were placed in heating cages and then transferred to a restraining cylinder. Young (6-week) SHR and WKY and old (50-week) SHR and WKY age groups were studied.
Vessel Preparation
The procedures used for dissection and preparation of mesenteric arteries with internal diameters of approximately 100 /un have been reported (Mulvany and Halpern, 1977) . In brief, vessel segments (gi = 0.7-mm length) were chosen from a region 5 to 10 cm distal to the pylorus where a characteristic pattern of arterial branching was found ( fig. 1 ). The specified segments were excised free of connective and adipose tissue and threaded through the lumen with two 32-jtm tungsten wires fastened to two stainless steel support blocks. One block was mounted on a tension transducer and the other on a displacement device, so that the wall tension in the vessels could be measured directly while their internal circumference was controlled. The displacement device was a piezo-electric pusher (used to impose small square wave changes in internal circumference) fixed to a micrometer translator (for FIGURE 1 An arterial branch, which bifurcates immediately upon exiting the mesenteric artery, enters the intestine 5-10 cm distal to the pylorus. This branching pattern is characteristic of all rats. Vessels at the level of no. 1 were removed from young rats and vessels at the level of no. 2 were chosen from old rats. Vessels at the level of no. 2 were not suitable for young rat investigations due to their small diameter, creating difficulties in the mounting procedure. Calibration bar represents 0.5 mm.
larger changes in internal circumference). Full details of the myograph are published elsewhere (Halpern et al., 1978) together with details of the on-line computer arrangements for initiating and recording dynamic mechanical responses.
Total time for dissection and preparation was approximately 45 minutes; after preparation the vessel was allowed to equilibrate for 1 hour in physiological salt solution (PSS). Throughout the equilibration period the circumference was set so that passive tension equaled 0.2 mN/mm. After equilibration, the normalized internal circumference, Li, was determined as described previously (Mulvany and Halpern, 1977) . Li is defined as 0.8 Lioo, where Lioo is an estimate of the internal circumference which the vessel would have had in vivo when subjected to a transmural pressure of 100 mm Hg while relaxed.
The myograph was placed on a microscope stage with the vessel image magnified 500x through Nomarski optics. Arterial dimensions were measured by means of a filar micrometer eyepiece. Medial and adventitial dimensions were determined at Li after four activations and prior to fixation.
Solutions
Vessels were equilibrated and relaxed in PSS of the following composition (in mM): NaCl, 119; NaHCO 3 , 24.0; KC1, 4.70; KH 2 PO 4 , 1.18; MgSO 4 , 1.17; CaCl 2 , 1.60; and glucose, 5.50. Vessels were activated in a depolarizing solution in which there was an equimolar substitution of KC1 for NaCl and containing 5 mM CaCl 2 (activating solution). This concentration of calcium was sufficient for maximal contraction using potassium depolarization (Mulvany and Halpern, 1977) . Prior to fixation for electron microscopy, the vessel equilibrated for at least 15 minutes in a modified PSS in which the CaCl 2 was replaced by 1 mM ethylene glycol-bis(/8-aminoethyl ether)-N, N'-tetraacetic acid (EGTA-PSS). This procedure assured fixation of relaxed vessels by preventing calcium-activated contractures in response to perfusion of the fixative. Circulating solutions were held at 37°C and were gassed with 95% 02-5% CO 2 to a pH of 7.2-7.4. Solution changes were accomplished by draining the bath followed immediately by replacement with a new solution.
Passive and Active Tension-Internal Circumference Relations
After determination of Li, the passive tension and total tension in activating solution were recorded at various internal circumferences between 0.6 Li and 1.3 Li. Circumference changes were made while the vessel was in PSS. Active tension was determined by subtracting the passive tension from the total tension. After each activation, the vessel was equilibrated in PSS for 15 minutes before the next set of measurements at the new circumference. VOL. 45, No. 2, AUGUST 1979 At least four activations at different circumferences were obtained before the artery was returned to Lj.
Dynamic Mechanical Responses
Two mechanical parameters were derived from the tension responses to rapid (4 msec) small circumferential changes (0.003 Li) as described by Halpem et al. (1978) ; namely, the dynamic stiffness (K) and the half response time (T ]/2 ). The dynamic stiffness was defined as the change in force (AF) divided by the change in circumference (ALi), as explained in the legend to Figure 2B . Stiffnesses were determined in the relaxed and activated states. Subtracting the relaxed (K rvl ) from the total stiffness yielded the measure of active stiffness (K atl ).
Stiffness values then were used to calculate the circumferential dynamic Young's modulus at Li in both the relaxed and activated states (E re i, E Bmt ). E is defined as: (K n ,,) is calculated by determining total dynamic stiffness in K* solution (K,,* = change of force (x -x) in response to square wave circumferential change (hLJ divided by &L t ) and subtracting dynamic stiffness in PSS (Kn-i = (y'-y)/&Li). Dynamic Young's modulus is calculated from K aH or Krri'.E = K rr , ^ arl x (L\/A) where A is area over which the force is distributed. Active half response time (r\ n ) is the time to reach a tension value one half of initial tension response to AL, as shown in figure. where A represents the cross-sectional area over which the force is distributed. Substituting K = AF/AL] transforms the equation to:
The value of A used for the relaxed vessel equals the total wall cross-sectional area (e^ x 2 g| where e^ is wall thickness at L,) since the passive structures are present throughout the entire wall. For the activated vessel, Young's modulus is referred to the smooth muscle cell area (mi X S',; (Table 2) because it is these cells that generate force.
The half response time was denned as the time to recover one-half the tension response subsequent to a small square wave change in circumference ( Fig. 2B ).
Histology and Electron Microscopy
Several vessels for each age group were equilibrated in EGTA-PSS for 15 minutes prior to fixation with 2.5% glutaraldehyde, 7% sucrose in 75 mM sodium cacodylate, initially at 37°C. The vessels remained in fixative overnight at room temperature. The wires supporting the vessel segment were removed and the vessel then was postfixed in 1% OsO 4 , block stained with uranyl acetate, and embedded in Epon .
Vessels were sectioned for light (0.5 ^m) and electron microscopy (0.08 jim) along the longitudinal axis, which provides cross-sectional views of the smooth muscle cells due to their circumferential arrangement. Light microscopic sections were stained in toluidine blue, which deeply stains the media in contrast to the internal elastic lamina and adventitia. Thickness measurements of these three portions of the wall were determined at 1000X magnification.
Electron micrographs at 315OX (see Fig. 3A ) were examined for smooth muscle cell counts. Numbers of total smooth muscle cells and numbers of cells with a nucleus present in cross-section were obtained from at least four sections of vessel, each containing segments 70 jim long, from different regions. A minimum of five micrographs at 14500X chosen from areas present in the low power electron micrographs gave sufficient resolution for planimetric determination of individual cell cross-sectional areas and percent smooth muscle within the media.
Statistics
The results are categorized at three physiological levels: (1) whole rat, (2) blood vessel, and (3) smooth muscle cell. The effects of both rat strain and age on whole rat physiological data and smooth muscle cell morphological and active mechanical properties were determined by an analysis of variance. This statistical method also provides information concerning possible developmental differences between WKY and SHR by determining the significance of a two-way interaction between strain and age. Vessels in different rats within each age group were excised consistently from similar locations in the arterial bed, allowing for direct comparisons via Student's <-test. Since smaller vessel dimensions in young rats required selection of vessels proximal to those in older rats (Fig. 1) , direct comparisons of vessel characteristics with age could not be made with certainty.
All results are presented as means ± 1 SE.
Results
Isometric Contractures
Contractures resulting from K + depolarizations were used to activate the smooth muscle cells in the walls of these vessels (Herlihy and Murphy, 1973; Mulvany and Halpern, 1977) . Typical responses to resting (PSS) and KC1 activating solutions are shown in Figure 2A . Active tension development was biphasic, with an initial rapid rise within seconds to near maximal tension followed by a slower steady rise, leveling off usually within minutes. Relaxation in PSS was complete in minutes. Figure 2A demonstrates the dynamic response of the vessel to small circumferential square wave cycles in both the relaxed and activated states. Figure 2B is a typical response after signal averaging 24 square wave cycles. On exposure to activating solution, the tension response to a circumferential square wave change was markedly increased. Table 1 describes the physiological state of the two age groups of rats used in this study. Both young and old SHR have significantly greater sys- VOL. 45, No. 2, AUGUST 1979 (14) 45O±12 (14) 3.77±0.16 (14) 79 52.6±1.6 (11) 118±5 (11) 429±20 (11) 2.43±0.07 (9) 73 49.9±2.3 (12) 183±6 (12) 491±7 (12) 3.05±0.08 (12)
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Values " mean ± SE. Numbers in parentheses « number of experiments. ANOVA " analysis of variance.
• --not significant {P > 0.051; t P < 0 005 % Ventricular weight determined by removing atria and great ve els and blotting specimen tolic blood pressure, heart rate, and ventricular weight-to-body weight ratios, compared to their normotensive controls. The SHRs within the early development and established phases of hypertension are characterized by 18% and 55% greater blood pressures, respectively.
As a function of age, both older WKYs and SHRs exhibited significantly greater heart rates and ventricular weight-to-body weight ratios than the younger rats. Blood pressure, on the other hand, was elevated with age for SHRs only, as determined by a significant interaction between strain of rats and age.
Morphology
Morphological measurements were obtained from three sources: (1) living vessel, wire mounted, (2) light microscope, and (3) electron microscope sections from fixed preparations. In the mounted vessels, we could observe the vessel wall in longitudinal section by focusing the microscope on the outer edge of the supporting wires at the point where the vessels wrapped around the wires (Halpern et al., 1978) . Outlines of smooth muscle cells could be distinguished but were not satisfactory for measurement of cell number and percent smooth muscle cell area within the media. A clear demarcation of the media-adventitial border allowed for direct measurement of the medial and adventitial thicknesses from the live preparation. Similar measurements were made from fixed light and electron microscope samples of the same vessel. mounted; mi, fixed light microscopic section) obtained from either method, which is indicative of reliable fixation procedures. The general structural appearance is readily observed in the low and high magnification electron micrographs (Fig. 3, A and B) . Endothelial cells were found lining the internal elastic lamina bordering the media which consisted of 1-4 layers of smooth muscle cells circumferentially arranged. Cells usually were circular to cuboidal in crosssection without evidence of deep imaginations characteristic of contracted cells (Fay et al., 1976) , verifying the relaxed nature of these fixed smooth muscle cells. Occasionally, an external elastic lamina was present delineating the media-adventitial border. The adventitia, composed primarily of collagenous connective tissue, contained nerve terminals and fibroblasts. Figure 4 graphically summarizes the morphological data given in Table 2 and combines information from the fixed light and electron microscopic sections. Total wall and media thicknesses were greater in both young and old SHR as compared to their control WKY. For young SHR, 55% of the total wall increase compared to the WKY can be accounted for by medial hypertrophy. However, in old SHR the wall hypertrophy was localized entirely to the media.
High power electron micrographs (Fig. 3B) rats at either age. In addition, cell counts per unit area (total and nucleated) were similar for SHR and WKY for a given age. Mean cross-sectional areas Oim 2 ) of those nucleated cells counted were as follows: young WKY = 6.6, young SHR = 7.8, old WKY = 11.0, old SHR = 13.9. The apparent cellular hypertrophy within each age group was not statistically significant. The smooth muscle cell hypertrophy noted between ages (WKY, 66%; SHR, 78%) was however significant.
Passive Tension-Circumference Characteristic Figure 5 , A and B, illustrates the relation between passive tension in PSS and vessel internal circumference for both age groups. This characteristic function for each experiment was fit by an exponential VOL. 45, No. 2, AUGUST 1979 respectively. Tioo is the passive tension at Lioo, and /8ioo is a constant that relates to the rate of rise of the passive tension-circumference characeristic. /?ioo was used to determine differences between characteristics of experimental groups with values (Table  3) for young SHR slightly greater (P < 0.10) than for young WKY, and with old SHR significantly greater than old WKY.
Active Tension-Circumference Characteristic
Active tension was recorded over the range 0.6-1.3 Li (Fig. 5, A and B) . Values greater than 1.3 L, were not obtained, due to loss of contractility possibly related to irreversible structural damage upon contraction similar to that described for skeletal muscle (Bahler et al., 1968) .
The active tension curves show no obvious differences in shape for the hypertensive in comparison to normotensive rats. The young SHR active tension curve is not displaced significantly above the curve for young WKY for any circumference. At all circumferences, the active tensions were greater for old SHR than for old WKY with AT, being on the average, 35% greater for old SHR (Table 3) .
Active Stress
A measure of the contractile capabilities of the vessel is its active stress development. Stress values defined as force per unit area where the area of concern may be that of the wall, media, or smooth muscle cells. Therefore, active wall and medial stresses were calculated by dividing the active tension by the respective regional thicknesses, whereas active smooth muscle cell stress was calculated by dividing active medial stress by the proportion of smooth muscle cells within the media. Table 3 summarizes the values for age group and rat type. Values for active wall, medial, and smooth muscle cell stresses were not different for SHR and WKY within the same age group. Within a strain at different ages, the smooth muscle cell stress values did not differ.
Dynamic Properties
Values for Young's moduli at Li (Table 3) for the relaxed vessel (E re i) and active smooth muscle cells (E, n . t ) were not different (P > 0.10) between SHR and WKY at either age. When comparing young and old rats within a strain, E» nK was not significantly different (P > 0.10). Active half response times (T I/2 ) were not different (P > 0.10) for SHR and WKY at either age.
Discussion
A direct correlation between resistance vessel morphology and its functional properties is necessary to define clearly the altered vascular state in genetic hypertension. As in humans with essential hypertension (Furuyama, 1962; Naeye, 1967) , medial hypertrophy in SHR may explain the observed differences in vessel mechanical characteristics (Folkow et al., 1970; Mulvany et al., 1978) . However, the literature concerning vascular mechanical prop- erties from different animal models, vascular preparations, and techniques has presented cases for increased (Gordon and Nogueira, 1961) , normal (Busse et al., 1976) , and decreased vessel force production (Shibata et al., 1973; Hansen and Bohr, 1975) . It is important that studies emphasize the relationship of a vessel's active tension to its forcegenerating apparatus (i.e., smooth muscle cells) to avoid interpreting a diminished stress response (force/area of wall) of a hypertrophied wall as a failure within the contractile system. This situation may arise in studies lacking morphological data where, for example, increased passive tissue content alone may create the wall hypertrophy while an unaltered smooth muscle cell content generates force comparable to that of the prehypertrophic period.
The mesenteric vessels studied were chosen for the following reasons: (1) their dense innervation suggests a significant role in blood pressure regulation (Furness and Marshall, 1974); (2) their small size and relatively few smooth muscle cells (~1000) maximize correlation of active responses to the muscle fraction (Halpern et al., 1978) ; (3) the vessels could be dissected and mounted without significant tissue damage. In this study we have taken advantage of the fact that the morphology of the vascular bed is very similar in rats of the same age, and the same in both SHR and WKY rats. Thus we have been able in each age group to compare the "same" vessel in both types of rats. Comparisons between age groups, however, were not strictly possible because we found that vascular morphology changes with age.
The medial hypertrophy observed in both young and old SHR can be attributed to greater amounts of both connective and muscle tissue since determinations of percent smooth muscle cells within the media were approximately 71% for SHR and WKY at both ages. This value agrees with the 70% value reported by Furuyama (1962) for percent smooth muscle cell within the media of 1 mm in diameter human renal arteries of normotensive or hypertensive subjects. Reports of medial hypertrophy (Furuyama, 1962; Naeye, 1967; Mulvany et al., 1978) suggest an increased smooth muscle cell mass, but whether this is due to hypertrophy of the individual cells and/or hyperplasia is still a matter of concern. An example of smooth muscle cell hyperplasia associated with hypertension has been reported by Bevan et al. (1976) , where in an accelerated form of experimental hypertension in rabbit ear artery, the smooth muscle cell hyperplasia was cause for the medial hypertrophy.
Our data suggest to us that the medial hypertrophy we have observed in the SHR vessels is due mainly to cellular hyperplasia, for in each age group the cell counts per unit area of the SHR and WKY vesels were strikingly similar. However, a clear interpretation of these results should address the three-dimensional appearance of these cells. For example, it is possible that a given volume of SHR media possesses smaller numbers of longer cells: this still could exhibit a number of cell counts in a random section equal to that from a WKY media having more cells of shorter length. Our protocol unfortunately precluded our taking the necessary cross-sections of cells to establish cell lengths , but our finding that the proportion of cell cross-sections containing nuclei is similar in all cases suggests that the cell lengths are also similar (Yamauchi and Burnstock, 1969) . Therefore, although we cannot at present exclude the possibility that cellular hypertrophy contributes to the medial hypertrophy, it seems more likely that cellular hyperplasia is the dominating factor.
The individual smooth muscle cells in vessels of old rats are 70% greater in cross-sectional area at the nuclear region than those of the younger rats. This may indicate that normal maturation of the individual smooth muscle cells is not complete at 6 weeks. There is some confirmation of this idea in the work of Cliff (1967) on the rat aortic media where smooth muscle cell structural development is not complete until 8 weeks of age. Yamauchi and Burnstock (1969) also presented data describing smooth muscle cell maturation. Using electron micrographs of mouse vas deferens, they showed that contractile filaments are not apparent until 6 days after birth and that cellular dimensions continue to increase fo. 4 weeks postnatally.
The structural differences in vessel walls of SHR and WKY at both ages should correlate with differences in mechanical characteristics. The increased connective tissue component (e.g., collagen, elastin) in old SHR was supported by steeper passive tension-circumference characteristics above Li. Fischer (1976) found increased connective tissue content in SHR aortas in older rats, which is in agreement with our data. In addition, values at Li of tension and Young's moduli at rest are not different for SHR and WKY. At this circumference, Young's moduli have values similar to that of elastin (Bergel, 1961) (600 mN/mnr), which lends support to the low initial slope of the exponential characteristic being representative of the elastin properties (Roach and Burton, 1957) .
Medial hypertrophy, associated with greater smooth muscle cell content, should result in greater vessel contractile force. The young SHR do not generate significantly greater active tensions (ATi) than young WKY, although at Li, old SHR do produce 35% greater active tension than do WKY. It appears that the increased contractile function in SHR has reached its maximum by 21 weeks of age, since AT] values also were 34% greater than in WKY (Mulvany and Halpern, 1977) .
In activated vessels, active tension production can be related to transmural pressures, as in passive vessels, by Laplace's Law. The values calculated for these transmural pressures may be interpreted as that maximal luminal pressure against which the excised vessel would have been able to constrict upon activation. Interestingly enough, the 12% difference in active pressures between young SHR (189 mm Hg) and young WKY (168 mm Hg), and the 38% difference between old SHR (265 mm Hg) and old WKY (192 mm Hg) are roughly similar to the observed differences in systemic systolic blood pressures of 18% and 55%, respectively. Thus there appears to be a direct correlation between active pressure and blood pressure, change in the one being associated with a similar change in the other.
Active smooth muscle cell stress relates the vessel's active tension to the actual amounts of smooth muscle and was not significantly different between SHR and WKY within an age group. This may indicate that contractile systems in SHR smooth muscle are similar to those of WKY. However, the active stress measurements are comparisons of vessels at a particular circumference, Li, on the active tension-circumference characteristic (AT:L). If the smooth muscle cell contractile mechanism for SHR is no different than for that of WKY, similar AT:L characteristics should be displaced vertically for SHR due to the greater muscle mass, which is generally evident in Figure 5, A and B .
The increase in vessel stiffness following an activation ( Fig. 2B) presumably results from a change in the smooth muscle contractile state. For this reason, stiffness measurements (Halpern et al., 1978; Meiss, 1978) may serve as an important method for comparing contractile systems for SHR and WKY. Values for absolute stiffness were not compared, because differences in vessel wall structure are not accounted for within this measurement. Therefore, Young's moduli are used because dimensional considerations are included in its determination. The values for E^. were similar for SHR and WKY, and this would indicate that their contractile systems are comparable. Young's moduli reported are similar to those obtained for whole skeletal muscle (0.84 X lO' mN/ram 2 ) (Halpern and Moss, 1976) .
The active half response time (T1/2) may characterize the rate of crossbridge turnover in tension responses to small square wave circumferential changes. These times were not different for SHR and WKY for either group. A detailed study of force-velocity relations would be an appropriate means of confirming these data. The similarities in values for Young's modulus and T W2 between hypertensive and normotensive animals provides further evidence, suggesting that the smooth muscle cell component in SHR is no different from that of WKY.
In conclusion, data from SHR supplemented by the studies of Mulvany and Halpern (1977) and Mulvany et al. (1978) (21 weeks) provide a description of three distinct stages of development in hypertension: (1) early developmental (6 weeks), (2) early established (21 weeks), and (3) well established (50 weeks). The results indicate that the response to hypertension within the cardiovascular system has reached its plateau by 21 weeks, with progressively increasing blood pressure in SHR directly correlated with simultaneously increased vessel-active pressure production. The increased active pressure capabilities reflects a greater content of smooth muscle in the SHR vessels possessing contractile properties similar to those in WKY vessels.
Taken as a whole, our study suggests that blood pressure and smooth muscle function within arterial resistance vessels are mutually related throughout the ages investigated. However, our findings draw attention to the 6-week postnatal period as one of dynamic smooth muscle cell development in hypertensive rats. If the proliferation of smooth muscle cells is blood pressure-dependent, then the hyperplasia may be a response to rising pressures during this postnatal period. A recent report by Lais et al. (1977) does show that SHR pressures begin to rise above those of WKY at 3 weeks of age. On the other hand, the pressure-independent viewpoint presupposes that hypertensive rats possess a greater complement of smooth muscle cells at birth due to their genetic profile. In this way, a larger contractile tension could be developed leading to the increased pressure, and one could readily account for the normotensive pressures in rats aged 3 weeks or less by consideration of an undeveloped contractile system of the cells. The questions of which alternative is correct, or whether another mechanism is responsible, remain to be answered.
